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Abstract
We investigate the flavor structure of the Λ fragmentation functions by means of the asymmetry AΛ for Λ/Λ¯ produced in
hadron–nucleon collisions. The production asymmetries for Λ/Λ¯ in k+p, pp and π−p collisions are presented as functions
of Feynman variable xF with two typical sets of quark to Λ (Λ¯) fragmentation functions: one set with SU(3) flavor symmetry
and another set with SU(3) flavor symmetry breaking. The xF distributions of AΛ for Λ/Λ¯ in pp and π−p collisions are not
sensitive to the SU(3) flavor symmetry breaking in the fragmentation functions. However, we find that a measurement of the
xF distribution of AΛ in k+p collisions can resolve the flavor structure of Λ fragmentation functions.
 2002 Published by Elsevier Science B.V.
PACS: 14.20.Jn; 13.60.Hb; 13.87.Fh; 13.85.Ni
Recently, the quark spin and flavor structures of
the Λ fragmentation functions have been extensively
studied both experimentally and theoretically [1–26].
Especially, the unpolarized Λ fragmentation functions
have been extracted [21–23] based on the available
unpolarized Λ production data in e+e− annihilation
[27–32]. We have noticed that the unpolarized Λ
fragmentation functions with SU(3) flavor symmetry
[21,22] can fit the experimental data as well as
those [22,23] with SU(3) flavor symmetry breaking.
Therefore, it seems to be impossible for us to resolve
different flavor structures of theΛ fragmentation func-
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tions by means of the experimental data on the un-
polarized Λ production in e+e− annihilation [24,25].
However, the flavor structure of the Λ fragmentation
functions should be crucial important as well as the
spin structure of them in order to understand well the
mechanism of hadronization. Boros, Londergan and
Thomas [24] pointed out that the Λ polarization mea-
surements in e+e− annihilation near the Z-pole may
give additional constraints on the Λ fragmentation
functions and their analysis results favor the asymmet-
ric picture for fragmentation functions.
In this Letter, we will provide an alternative way to
resolve different flavor structures of the Λ fragmenta-
tion functions by analyzing the asymmetry for Λ/Λ¯
in hadron–nucleon collisions. The produced Λ/Λ¯ in
hadron–nucleon collisions are formed from the de-
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bris of the fragmented beam (in the beam fragmen-
tation region) or target (in the target fragmentation re-
gion). The Λ/Λ¯ produced in the beam fragmentation
region inherit some information on quark distributions
inside the beam hadrons. The measurement of AΛ in
hadron–nucleon collisions is a possible means to man-
ifest the flavor structure of the Λ fragmentation func-
tions. Recently, some evidences for the Λ/Λ¯ produc-
tion asymmetry in π−p collisions have been observed
in Fermilab fixed-target experiment E791 [33]. How-
ever, due to the strange (anti-strange) quark being un-
favored content of the π−(du¯), the reaction π−p is
not a suitable tool to check the flavor properties of
the fragmentation functions for the Λ(uds) where the
strange quark dominates. For this reason, we focus our
attention on the Λ/Λ¯ production asymmetry in k+p
collisions.
Let us start a detailed analysis with the reaction
(1)h+ p→H +X
for the inclusive production of the hadron H with
the beam hadron (h) and target proton (p). We will
show that the asymmetry Λ/Λ¯ in k+p collisions is an
ideal observable to resolve the flavor structure of the
Λ fragmentation functions. The cross section for the
reaction (1) can be expressed as
EH
d3σ (H)
d3pH
=
∑
abcd
1∫
x¯a
dxa
1∫
x¯b
dxb f
h
a
(
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(
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) 1
πz
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with the energy of the produced hadron H
(3)EH =
√
M2H + p2⊥ +
x2F s
4
,
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√
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2
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,
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(5)x¯b = xax⊥(2EH −
√
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2xa
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with Feynman variable xF = 2pL/√s, pL (p⊥) and
MH being the longitudinal (transverse) momentum
and mass of the hadron H ,
√
s being the center-of-
mass energy of the collisions, and x⊥ = 2p⊥/√s.
In Eq. (2), f ha (xa,Q2) and f pb (xb,Q2) are the usual
parton distributions in the beam hadron h and target
proton p with Bjorken variables xa and xb. DHc (z)
is the fragmentation function of parton c into the
produced hadron H with
z= x⊥
2
√
4E2H − sx2F
(6)×
(
2EH −√s xF
xb
+ 2EH +
√
s xF
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)
being the momentum fraction of parton c carried by
the hadron H . The sum in Eq. (2) is running over all
possible leading order subprocesses ab→ cd whose
differential cross section is dσˆ /dtˆ with
tˆ =−xap⊥
√
(2EH −√s xF )s/(2EH +√s xF )z2
being the Mandelstam variable at the parton level. Fol-
lowing Ref. [34], we fix the QCD hard scale of distri-
bution and fragmentation functions at 2 (GeV/c)2 in
consideration of the fact that the range of p⊥ values of
the data [33] is usually rather limited and no evolution
effect would be visible anyway. With the parton distri-
butions of the incident hadron and the target nucleon,
we can calculate the xF dependence of the asymmetry
for Λ/Λ¯ production in hadron–proton collisions,
(7)AΛ(xF )= d
3σΛ/d3pΛ − d3σ Λ¯/d3pΛ¯
d3σΛ/d3pΛ + d3σ Λ¯/d3pΛ¯
.
In order to calculate the asymmetry in Eq. (7),
we need to know the fragmentation function DΛc (z)
which describes the hadronization of a quark into Λ.
There have been several sets of unpolarized q → Λ
fragmentation functions [21–23] which were obtained
by fitting some assumed parametrization forms to
the available experimental data on the unpolarized Λ
production in e+e− annihilation. We are interested
in the following two sets of typical Λ fragmentation
functions with different flavor structures: one set with
SU(3) flavor symmetry and another set with SU(3)
symmetry breaking [22]. We use the matter–antimatter
symmetry relations DΛ¯q = DΛq¯ and DΛ¯q¯ = DΛq to
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connect the Λ¯ fragmentation functions with those of
the Λ.
In the SU(3) flavor symmetric case, the simple
functional forms
(8)DΛq (z)−DΛq¯ (z)=Nzα(1− z)β
and
(9)DΛq¯ = 
Nzα¯(1− z)β¯
have been employed to parametrize the Λ fragmenta-
tion functions with the parameters [22]: N = 1.92 ×
104, α = 7.47, β = 8.06, 
N = 99.76, α¯ = 1.25 and
β¯ = 11.60. On the other hand, taking the above SU(3)
symmetry case as a reference point, the SU(3) flavor
symmetry breaking in the Λ fragmentation functions
was also considered in Ref. [22]. The antiquark frag-
mentation functions are taken as the same as those of
the SU(3) symmetry case and the valence quarks were
parametrized as [22]:
DΛs (z)−DΛs¯ (z)
(10)= 5.81× 109z21.55(1− z)13.60,
for the strange quark fragmentation functions, and
DΛu (z)−DΛu¯ (z)
(11)= 1.60× 1017z30.49(1− z)28.34,
for the u (d) quark fragmentation functions at the ini-
tial scale Q0 = 0.25 GeV [22]. We evolved the frag-
mentation functions in leading order and set the gluon
fragmentation function to be zero at the initial scale.
The evolution package of Ref. [35] suitable modified
for the evolution of fragmentation functions was used
in our numerical calculation. The flavor structure of
the Λ fragmentation functions at Q2 = 4 GeV2 with
significant SU(3) flavor symmetry breaking is com-
pared with the result of SU(3) symmetry in Fig. 1.
In addition, we adopt the Glück, Reya, and Vogt
(GRV) leading order unpolarized parametrization for
the nucleon parton distributions [36]. For the parton
distributions of the k+ and π−, we employ the
parametrization forms of Refs. [37,38], respectively.
The calculated results of the asymmetries for Λ/Λ¯
in k+p, pp and π−p collisions are presented in Fig. 2.
There have been some data from E791 experiment [33]
on π−p collisions where pions with a momentum of
500 GeV/c (in the Lab frame) interact with the fixed
Fig. 1. The flavor structure of the Λ fragmentation functions.
The dashed and solid lines correspond to the results with SU(3)
symmetry and with SU(3) symmetry breaking [22], respectively.
target. The p⊥ range of the E791 experiment is be-
tween 0 and 2.0 GeV/c and the |xF | is in the low
region (−0.12  xF  0.12). In order to check our
analysis via the E791 data, we present the results with
the total center-of-mass energy
√
s = 30 GeV and
p⊥ = 1.0 GeV/c in Fig. 2(c). We find that our pre-
diction of the asymmetry for the Λ/Λ¯ in π−p colli-
sions is supported by the E791 experimental data [33],
which indicates that our analysis is reasonable. How-
ever, with the asymmetry for the Λ/Λ¯ in π−p colli-
sions, it seems to be difficult to distinguish two dif-
ferent sets of fragmentation functions although the
experimental data slightly favor the prediction with the
SU(3) symmetry breaking fragmentation functions. In
order to show the dependence of our results on the
collision energy, we provide other results with
√
s =
80 GeV and p⊥ = 1.0 GeV/c in Figs. 2(d)–(f). Fur-
thermore, the results with
√
s = 30 GeV and p⊥ =
2.0 GeV/c in Figs. 2(g)–(i) can be used to get some
impression on the p⊥ dependence in our results by
comparing them with those in Figs. 2(a)–(c). We get
the following main points: (1) In the beam fragmenta-
tion region with xF > 0, the asymmetries in k+p, pp
and π−p collisions are big different due to the differ-
ent properties of the various beam hadrons; (2) In the
target fragmentation region with xF < 0, the asym-
metries in the three collisions are very close because
of the same proton target; (3) The results show that
the energy dependence of the asymmetries is weak;
(4) Choosing different values for p⊥ does not alter the
quality feature of the asymmetries; (5) The last one
but most important one is that AΛ in k+p collisions at
J.-J. Yang / Physics Letters B 526 (2002) 50–54 53
Fig. 2. The predictions of the xF -distributions of AΛ . (a), (d), and (g) are for k+p collisions; (b), (e), and (h) are for pp collisions; (c), (f), and
(i) are for π−p collisions. The dashed and solid curves correspond to the predictions by using the fragmentation functions with SU(3) symmetry
and with SU(3) symmetry breaking [22]. The results in (a), (b) and (c) are obtained with √s = 30 GeV and p⊥ = 1.0 GeV/c; (d), (e), and
(f) with √s = 80 GeV and p⊥ = 1.0 GeV/c; (g), (h) and (i) with √s = 30 GeV and p⊥ = 2.0 GeV/c. The E791 data are taken from Ref. [33].
xF > 0 is very sensitive to the flavor structure of the Λ
fragmentation functions.
To sum up, the two typical sets of the Λ fragmenta-
tion functions given in Ref. [22] were used to study
the asymmetry AΛ for Λ/Λ¯ produced in k+p, pp
and π−p collisions: one set with SU(3) flavor sym-
metry and another set with SU(3) flavor symmetry
breaking. In the case that unpolarized Λ production
in e+e− annihilation cannot be used to distinguish the
different flavor structures of theΛ fragmentation func-
tions, we find for the first time that the asymmetry
AΛ in k+p collisions is a suitable observable to re-
solve the flavor structure of the Λ fragmentation func-
tions.
Similarly, we find that AΣ+ and AΣ0 in k+p
collisions are also very useful observables to probe
the flavor structures of fragmentation functions for the
Σ+ and Σ0, respectively. The asymmetries AH for
hyperon/antihyperon production in k+p collisions are
powerful tools to enrich our knowledge on the flavor
structures of the hyperon fragmentation functions and
deserve to be measured.
Acknowledgements
This work is inspired by my cooperative work
with Bo-Qiang Ma, Ivan Schmidt, and Jacques Soffer.
54 J.-J. Yang / Physics Letters B 526 (2002) 50–54
I would like to express my great thanks to them for
their encouragement and valuable comments. In addi-
tion, this work is partially supported by National Nat-
ural Science Foundation of China under Grant Number
19875024 and by Fondecyt (Chile) project 3990048
and also supported by Foundation for University Key
Teacher by the Ministry of Education (China).
References
[1] ALEPH Collaboration, D. Buskulic et al., Phys. Lett. B 374
(1996) 319.
[2] DELPHI Collaboration, Report No. DELPHI 95-86 PHYS
521, CERN-PPE-95-172, presented at the EPS-HEP 95 con-
ference, Brussels, 1995.
[3] OPAL Collaboration, K. Ackerstaff et al., Eur. Phys. J. C 2
(1998) 49.
[4] HERMES Collaboration, A. Airapetian et al., Phys. Rev. D 64
(2001) 112005, hep-ex/9911017.
[5] E665 Collaboration, M.R. Adams et al., Eur. Phys. J. C 17
(2000) 263.
[6] NOMAD Collaboration, P. Astier et al., Nucl. Phys. B 588
(2000) 3.
[7] G. Gustafson, J. Häkkinen, Phys. Lett. B 303 (1993) 350.
[8] M. Burkardt, R.L. Jaffe, Phys. Rev. Lett. 70 (1993) 2537.
[9] R. Jakob, P.J. Mulders, J. Rodrigues, Nucl. Phys. A 626 (1997)
937;
M. Nzar, P. Hoodbhoy, Phys. Rev. D 51 (1995) 32.
[10] J.J. Yang, Phys. Lett. B 512 (2001) 57, hep-ph/0107222.
[11] J.J. Yang, hep-ph/0111382, USM-TH-117, Nucl. Phys. A
(2002), in press.
[12] J.J. Yang, hep-ph/0111384, USM-TH-118, Phys. Rev. D
(2002), in press.
[13] R.L. Jaffe, Phys. Rev. D 54 (1996) R6581.
[14] A. Kotzinian, A. Bravar, D. von Harrach, Eur. Phys. J. C 2
(1998) 329.
[15] D. de Florian, M. Stratmann, W. Vogelsang, Phys. Rev. Lett. 81
(1998) 530.
[16] C. Boros, Z. Liang, Phys. Rev. D 57 (1998) 4491.
[17] B.Q. Ma, J. Soffer, Phys. Rev. Lett. 82 (1999) 2250.
[18] D. Ashery, H.J. Lipkin, Phys. Lett. B 469 (1999) 263.
[19] B.Q. Ma, I. Schmidt, J. Soffer, J.J. Yang, Eur. Phys. J. C 16
(2000) 657, hep-ph/0001259;
B.Q. Ma, I. Schmidt, J. Soffer, J.J. Yang, Phys. Lett. B 489
(2000) 293;
B.Q. Ma, I. Schmidt, J. Soffer, J.J. Yang, Phys. Rev. D 62
(2000) 114009;
B.Q. Ma, I. Schmidt, J. Soffer, J.J. Yang, hep-ph/0110029;
B.Q. Ma, I. Schmidt, J. Soffer, J.J. Yang, hep-ph/0107157,
Nucl. Phys. A (2002), in press;
B.Q. Ma, I. Schmidt, J. Soffer, J.J. Yang, Phys. Rev. D 64
(2001) 014017;
B.Q. Ma, I. Schmidt, J. Soffer, J.J. Yang, Phys. Rev. D 64
(2001) 099901, Erratum;
B.Q. Ma, I. Schmidt, J.J. Yang, Phys. Lett. B 477 (2000) 107;
B.Q. Ma, I. Schmidt, J.J. Yang, Phys. Rev. D 61 (2000) 034017;
B.Q. Ma, I. Schmidt, J.J. Yang, Nucl. Phys. B 574 (2000) 331.
[20] C. Liu, Z. Liang, Phys. Rev. D 62 (2000) 094001.
[21] D. de Florian, M. Stratmann, W. Vogelsang, Phys. Rev. D 57
(1998) 5811.
[22] C. Boros, J.T. Londergan, A.W. Thomas, Phys. Rev. D 62
(2000) 014021.
[23] J.J. Yang, Phys. Rev. D 64 (2001) 074010.
[24] C. Boros, T. Londergan, A.W. Thomas, Phys. Rev. D 61 (2000)
014007.
[25] C. Boros, T. Londergan, A.W. Thomas, Phys. Lett. B 473
(2000) 305.
[26] C. Boros, T. Londergan, A.W. Thomas, Nucl. Phys. A 680
(2000) 66.
[27] DELPHI Collaboration, P. Abreu et al., Phys. Lett. B 318
(1993) 249.
[28] ALEPH Collaboration, D. Buskulic et al., Z. Phys. C 64 (1994)
361.
[29] G.D. Lafferty, P.I. Reeves, M.R. Whalley, J. Phys. G 21 (1995)
A1.
[30] OPAL Collaboration, G. Alexander et al., Z. Phys. C 73 (1997)
569.
[31] L3 Collaboration, M. Acciarri et al., Phys. Lett. B 407 (1997)
389.
[32] SLD Collaboration, K. Abe et al., Phys. Rev. D 59 (1999)
052001.
[33] Fermilab E791 Collaboration, E.M. Aitala, S. Amato, J.C.
Anjos et al., Phys. Lett. B 496 (2000) 9.
[34] M. Anselmino, D. Boer, U. D’Alesio, F. Murgia, Phys. Rev.
D 63 (2001) 054029.
[35] M. Miyama, S. Kumano, Comput. Phys. Commun. 94 (1996)
185;
M. Hirai, S. Kumano, M. Miyama, Comput. Phys. Com-
mun. 108 (1998) 38.
[36] M. Glück, E. Reya, A. Vogt, Z. Phys. C 67 (1995) 433.
[37] M. Glück, E. Reya, M. Stratmann, Eur. Phys. J. C 2 (1998) 159.
[38] M. Glück, E. Reya, I. Schienbein, Eur. Phys. J. C 10 (1999)
313.
